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I. INTRODUCTION

With measurements taken directly from flash radiographs of shaped-
charge jets before and after breakup, quantitative information
describing particulated jet characteristics can be derived. The
measurements are used to calculate such properties as particle length,
diameter, velocity, mass and break-up time. It is, however, a very
tedious and time consuming operation to take the measurements by
hand and subsequently perform the calculations at one's desk. To
alleviate much of this work, a method using digitizing equipment and
a computer program has been developed and is the subject of this report.
This method has proven to be very useful, especially in projects
involving many rounds and requiring short turn-around time for
measurements and computations.1 ,2 The equations used in the computations
will be discussed in the next section. Appendices for film reading
procedures and for the computer program operation are included.

II. COMPUTATIONS AND EQUATIONS

The program was designed to calculate as many quantities as
possible with the data extracted from radiographs. This includes
individual particlesas well as the whole jet measurements. Since
this report is intended as a user's guide, the calculations will
be described briefly. All computations are tabulated in the outnut
with proper headings. A typical output is shown in Appendix E.

All radiographs contain slightly magnified images of the particles
of a shaped-charge jet. The positions of the particles are likewise
altered from their true positions relative to the base of the shaped-
charge liner. This difference is taken into account by the
magnification factor, M, which is determined by the ratio of the
distance, a, from the face of the x-ray tube to the jet path, to the
distance, b, from the tube face to the film, as depicted in Figure 1.
Thus, M = a/b. This factor is used in determining particle lengths,
diameters, and positions. To calculate lengths and diameters, the
measurements taken from the particle images on film are simply
multiplied by the magnification factor.

To calculate change in position the magnification factor is used
in the determination of a particle's true position during a given
flash. Two cases must be considered regarding the film location in

1R. L. Jameson, and H. J. Blische, "A Study of a Light Anti-tan
Weapon," report in preparation.
2Di .orfman, and S. K. Golaski, "Eleotro Formed Shaped Charge Line.-
Evaluation," report in preparation. Martin Marietta Corp.
Contract #DAAK 11-77-0088.
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the determination of position. Refer to Figure 1 for the locations
of the terms involved. Note that on all films the distance, p, from
the fiducial to the particle is positive below the fiducial and
negative above.

Case I: Film numbers I and 2.

s = F - [(f-p) M ]

where s is the true position, F is the distance from the shaped-
charge liner base to the x-ray tube focal level, f is the location
of the y fiducial relative to the focal level, p is the point on
the particle measured from f, and 1 is the magnification factor.

Case II: Film numbers 3 and 4

s = F + [(f+p) H ]

Once the positions have been determined for all flashes, velocity is
calculated by

v= sb -sa
Tb -T a

V - b - a

where sb - sa is the distance of jet travel between the earlier (a) and

later (b) flashes, and Tb - Ta is the change in time between the
flashes.

Break-up time is determined by the equation developed by Simon.
3

n

t b
VlI-V 

n

where Z. is the individual particle length, vI is the velocity of the1

first particle and v is the velocity of the nth particle.n

3j. Simon, "The Effect of Explosive Detonation Characteristics on
Shaped Charge Performance,' BRL Memorandum Report 2414 (1974).
(AD #B000337L).
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Mass calculations involve the equation for the volume of
a truncated cone. As described in Appendix A, points located around
the film image of a particle outline a pair of trapezoids. This is also
shown in Figure 2. The program interprets the coordinates of the
points as measurements for truncated cones and applies the equation
for mass, m, where

m = P j [H (R1 2+ RIR2
+ R22) + H2 ( R

2  R R3+ R2)

Here, p is the density of the shaped-charge liner material, H. and H_
are the heights of the truncated cones, and R1, R2 and R3 are the radii.2

Momentum (my) and kinetic energy (1 m 2) are finally calculated

using velocity and mass previously computed.

The virtual origin of the shaped-charge jet is found by fitting
a least-squares line through the particle velocity/particle position
data for each flash. Theoretically, the position of the virtual origin
corresponds to a particle velocity of zero.4

Tabulations of the above mentioned quantities are performed and
listed in the output as averages. However, for the purpose of
trouble-shooting, and to gain insight into the accuracy of the
average computed quantities, velocities between the flashes and
masses for each flash are also listed.-

4R. DiPersio, J. Simon and A. B. Merendino, "Penetaoto! 2 jjjo Z-
Charge Jets Into Metallic Tar gets." BRL Report 1296 (19&5)o
(AD #476717).
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111 . SUMMARY

As indicated earlier, this method quickly yields valuable i ,,r-
mation necessary for the evaluation of shaped charge designs. A lar,,.
number of radiographs can be data reduced in a few days, whereas
the same number would take months if reduced by hand. This h:ij th,
advantage of giving the shaped charge investigator more flexibility
by allowing more time to assess designs and make decisions.

For accuracy considerations, comparisons of some measureents w,t~re
made with other findings, and an error estimate of one measurement
was performed. Velocity, length, diameter and break-up time calcula-
tions for the round in Appendix E were compared to data of several
similar rounds as reported by Majerus 5. The quantities in Appendix F
were found to be within the range of Majerus' data. There is a problem,
however, with particle mass calculations. An error estimate for the
mass of a selected particle revealed that the measurement could be
incorrect by approximately 60%. Several factors are involved in this
large error including magnification measurements, digitizing equipm;jenjt
accuracy, image clarity and coordinate point locations. Referring
back to Figure 2, note that the group of points surrounding
the particle does not represent a contour mapping of the particle
shape but approximates two truncated cone geometries. Thi.s is \,hcre
the largest part of the error occurs. Ideally, a much larger number
of digitized points would give a better approximation of shape, but
the equipment currently in use limits the number to six. One soltitioi
would be the use of a digitizer with a rapid and continuous mode point
reader connected to a tape or disc data storage device. This would
enable the operator to trace the image of a particle and produce
a closer geometric approximation. The computer program could subsequentlY
be modified to compute mass more accurately.

'. N:. M4a,;.ru.s, "A Model for ,tudying the Tu ,. _o.' :_. ,

'aokg.: Upon Shaped Charge Warhead P rformane,' " .: .
(1976). (AD#B015299L).

1 0



APPENDIX A

PROCEDURES FOR PREPARING AND READING RADIOGRAPHIS



The standard BRL flash radiographic test site contains holders
for film cassettes, each cassette containing either three or four films.
As a rule the films bear the flash number and the film number.

After developing the films, they are arranged according to
their positions in the cassettes. The jet particles are then numbered
starting with the jet tip and working back, with each particle having
the same designated number for every flash.

Once the particles are identified, a set of six points, outlining
a pair of trapezoids, is obtained for each particle. When
measurements are taken of these points, the configuration will be
interpreted as a pair of truncated cones in order to calculate mass.
Figure A-1 describes the preparation of the jet particle images.

The film reading machine that is presently used for this
procedure is the Data Reducer 099, manufactured by the Telecomputing
Corp. Signals are sent from the 099 to a digitizer, developed for
BRL by Mr. Donald F. Merritt. The digitizer then transmitts this
information, in the form of data units per inch, to a MAI Equipment
Corp. 523 Gang Summary Unit which punches the data onto computer
cards.

The following procedures will enable the user to operate the
film reading equipment:

1. Insert the wired circuit board labled "JET", label down,
into the connection frame of the Gang Summary Unit.

2. Load the Gang Summary Unit feeder with blank computer
cards.

3. Turn all three machines on, in any order.

4. Beginning with the first flash, place the film containing
the jet tip onto the lighted reading surface of the 099. Arrange the
film so that the jet is aligned horizontally on the lighted surface.
The horizontal fiducial should run parallel to a line marked across the
lighted surface as indicated in Figure 2. This is the x-direction.
The vertical fiducial will indicate the y - direction.

5. By adjusting the large wheels located on either side of
the console, place the cursor cross-hairs on the intersection of the
x and y fiducials and press the button marked "" on the right of
the console. This will assign (0,0) to the x/y intersection.

6. Located at the bottom-center of the digitizer console is
a set of twelve registers with star-wheel adjustments. Reading from
left to right, enter the round number in the first five registers,
film number in the seventh and flash number in the eleventh.

13



7. The frame count windows in the center of the digitizer
console should read zero in all units. If not, press the reset
buttons until all units are zeroed.

8. Position the other switches and registers on the digitizer
console as indicated in Table A-i.

9. With the cursor at (0,0), press the foot switch repeatedly
until the number "I" appears in the frame count window. This will
zero-out the memory in the card punch machine.

10. To read a particle place the cursor on each point, beginning

with p1 (Figure A-l), and press the foot switch for reading at

each point. Repeat this step for every particle on the film.

Table A-1. Positions of Switches and Other Adjustments on the
Electronic Digitizer

SWITCH POSITION

Multiplier (x and y) 4
Direction (x) Down
Direction (y) Down
Normal/Test (x) Normal
Normal/Test (y) Normal
Printer (paper tape) User's choice
Punch on
Skip/Print Constants Print (on)
Frame Count Advance 6

11. Repeat steps 4 through 10 for each film.

12. Change registers seven, film number, and eleven, flash
number, when the film is changed.

13. After the particles are read for all flashes, sort the cards
out by "reading the holes" in columns 77 through 80, and remove
only the card for each particle that has punched holes for a "+"

character over column 76. This will be the sixth (last) card for the
particle.

14
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APPENDIX B

INPUT TO THE PROGRAM
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Card 1:

Columns 1-5: ICASES - Number of rounds to be run.

6-10: LCL - Option for printing out the shaped-charge
liner density. Enter 1 if print out is not
desired. Otherwise, leave blank.

Card 2: Case Identifier and some constants.

Columns 1-5: NROUND - Round Number
6-10: NPART - Number of jet particles
11-15: NFLASH - Number of flashes
16-20 RHO - Shaped-charge liner density
21-30: XMAG1 - Magnification factor for first flash
31-40: XMAG2 - Magnification factor for second flash
41-50: XMAG3 - Magnification factor for third flash
51-60: Flash 1 - Delay time for first flash
61-70: Flash 2 - Delay time for second flash
71-80: Flash 3 - Delay time for third flash.

Card 3: More constants.

Columns 1-10: FOCUS 1 - Distance from the shaped-charge liner
base to the focal level of the first x-ray tube.

11-20: FOCUS 2 - Distance from the shaped-charge liner
base to the focal level of the second x-ray tube.

21-30: FOCUS 3 - Distance from the shaped-charge liner
base to the focal level of the third x-ray tube.

31-40: FlA Distances of film "y" fiducials to the

41-50: F2A focal level of Flash A. Digit is film

51-60: F3AI number and letter (A, B or C) is flash.

61-70 F4A This also applies for Card 4 constants.

Card 4: More constants for fiducial measurements.

Columns 1-10: FlB
11-20: F2B
21-30: F3B
31-40: F4B
41-50: FIC
51-60: F2C
61-70: F3C
71-80: F4C

19
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Card 5: First particle card. All particle cards are identical
in format. x and y coordinates are data units/inch in
integer form.

Columns 1-5: IX(i) - x coordinate of p1

6-10: IY(l) - y coordinate of P1

11-15: IX(2) - x coordinate of p2

16-20: IY(2) - y coordinate of p2

21-25: IX(3) - x coordinate of p3

26-30: IY(3) - y coordinate of p3

31-35: IX(4) - x coordinate of P4

36-40: IY(4) - y coordinate of p4

41-45: IX(S) - x coordinate of p5

46-50: IY(S) - y coordinate of p5

51-55: IX(6) - x coordinate of P6

56-60: IY(6) - y coordinate of P6

65: L - Flash number (1,2 or 3)

70: IFILM - Film number

71-75: IROUND - Round number

77-80: IPART - Particle number

20



APPENDIX C

PROGRAM LISTING
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The program is written in FORTRAN IV and is currently on fdle
in the BRL Control Data Corporation's CYBER 170/7600 system.

23



10 11onI.S0LIOO)sUMOL O oX69Y*o~(LeYP) MAINS

DIM4ENSION COL3,1O-
DIMENSION *Z(100.ii10 CII6(01$(09Fl)*L( o MI

( ~ 1 101* SDE(100C(19C,S CI*L10)/1'PSYO .OL~..1 L.0 U M AIN 10
01ME*14IN VL(oI MAIN 11

DlATA SO(1).SB(2S(3)/OCAUILATIVE,14 MASS (G.jC4M.Sg.LFSI MAIN 13
0*7DAT SI(I).S(I2).SC12),SC1*),10POITN F'1OPRh0v( AT.*G&,o, bASLo~ MAIN 17

I IMM) 4 1"),/ WAIN I

M)AT& TvI.F,).V(KdOw'.otu 0401'kIIC*(SMbSEC),/. MAIN 19

DAA ,* I/,.'PLASM W~ MAIN 20

DATAn S(5 I6-LS 214M1I

23 DO 00 A I1,NCAdF

62 0EOATUR,1)N.U51 PN.FA'.M.X4A()I13.LS1~hI2 MAIN is
R1 FLPAT(R.3 WAIN .26

3ntF(E 0F 5)) 23.23 mAIN 24

2' ENCOIJE(21,209ST(1)) NPOUND WAIN 3.
20 FOPMAT(10MROUNO NUM9.&MEA .15.2h . ) MAIN 35

i4EACt5.2) FOCUS1.FOCUS?,FOCUS3,F1A.V2AF3APALA 4
AIK 3

IF(EOF(Sfl 25.25 MAIN 37
25 *vRE11)5963 FI.:2?LP3B.p4NPICF2C.F3C.F'C -AIN 3

4n7 IF E CF (S )) 26.26 MAIN 3,
Q(6 F."iO h-AIN '.0
IFPLCL.NyE.1) 60 TO 29 -'AIN .

'.5 C 01NC 11NFoR#A%ICN CA'.O NFAT ,

6rT- 3. QOuNfl-kt.u(XAG(NiN1.3).FOCUSI.fOCUS2,fOCuS3.FLAS~1.FL -AIN df6

I ASm2 * LASm3 'A:', '.7
.FC.QAT(/////,PGXS'.OUNO NUMfSEW '.I5,//q2GXSLN'. UENSIT (CP/CC3- P.Il'4
I l.FA6.I,/.?0X.@MA6fNIFICATI0N FACT0N-1,3F9.50./.2flXvoDjSTANCE F U L 'AI)N

i1'E1. '(ASE TO FOCAL POINTPMM)l.25X.IFLASkI. - -A',%/25,'~k. ,I

12- *.F6.1./.25X.,FLAS. 3- *,F6.1./o2OA,'OELAY TIPFE- (MIC'UEC),/, -MAIN '1j
62rX.-FLASI- I- ,.F6.I./.d5A.lFLASM 2- lF6.I*,,25X9SFLAS?, 3- O*Fe,.l MAIN Q2

i) -AIN

POINT 5 *A-
5 F')QNAT(I) hA:

24



POINT 4 "A I N

a FORdATUX1.PARTICLE AVG. VELOCITY TOTAL JET bRAR-uP./.2 COPRA

0 1u3.141SO AIN N
00 150 IST.NFLASO MAIN 0!1
00 1.9 Jw.1pdAwT IdAI1N 032

IFIEGFISfl 32032 AN'
32 DO 3t msjsA MAIN t

ZX I) FLOAT4 I X (01/1450-906 W AIN N
3S ZY("UPLOAT1IY(PMH/1.S906 MAIN

IF1ZX(I).EQO.X2)) GO TO '0 0MAIN

Ru.S@SGRT(IZX1I-ZX(AII.2.(ZYI1I-ZY(S)l.O2*OMAc(Il MAIN 71)

R~u.S*SIT(IZXR32VZ(lIO2(ZY2I-ZY()IO*2OXMA.(I) WAIN 71

PIAU(ZA(I.2mI(6))/2. MAIN T
PIYU(ZY(I D*ZYIAk) /2. 4A IN 73

7'P2Xa(ZX(31.21CA)1/2. MAIN 7,
P;YvhZY43).ZY(4) /2. MAIN 7b

P3Xu(ZX42).2X1S) )/i. MAIN 7N

AZ(I.JIUIZY42I.ZY(S)I/2. Cp" 2
P3Yw(ZY(2l.ZY(s) 1/2. MAIN 77

'in Xm135GPTI(P1AP3X)@2(P1y-P3yI**2)EMAGII) MAIN 0
Im?USQPTIIP3X..P2X)*?.1P3y-P2y1002)*XMAG(II MAIN 79

QIZUFIX MAIN I
pIAwP2A MAIN Al

C*OTO 6s MAIN 6
'0 PIXBZX(1J MAIN
45 IF(L.EQ.21 6070 S5 PAIN d

IFcL.EQ.3) 607 6S -AIN $45

IF3!VILM.EQ.2) (,O TO 47 -AIN f
IF(IFILM.EGA)3 (0 TO 44 MAIN7

I F(IIF I LP. OG.4) GO TO 49 MA IN
tl w) -FOCLSI f IAP I X AMAG I I MAIN

Or' To 1 -A I N
.7 SI t(JIFOCUSI-(F2A-P1AI*XMAGjII MAIN r.1

C,11T(11 MAIN 4?

6n SI(jI.FC1CUS1.(F3A.PIXIOXMAG4I) MAIN 1-3
Go To 1S MAIN Q

-4 SI bj33FncusI.(FA.01A3MAG(II -AIN '.5
lb IFIZX(1I.EG.ZX12fl) GO TO050 'AIN 46b

LI (.JI0 MAIN 4

GnlTO 7S -AIN
'10 L I(,) .;

(rC'TO 40 -AIN IGO
S5 IF(IFILM.EG.2) 6070O97 1A'

IF(IFILP.Ej.3) GO TO So e'
IFU*FILM.EO.AI 60 TO SQ"A' :

r,7S I.M-OCUS2-(F2I--1)I.XMAG(II MAIN ION
GM 70 16 -AIN 1(J

67c 5" S7 .FOCUS2-(F~b-PIIA*AG( II -AIN 11
Go To 16 -Al% IoQ

I CS c.)-OCUS2.IF.3A.PIAI.AMAG(I) MAIN 1
GOIN I MaIN

IF;ZXAI).Er.ZXoIn 1,G TC 60No

25



L2.aMAIN 113

jOTO 7s MA IN 11'&
ti0 L?t.J)N1 MAIN 11'5

60To 40 PAIN 11..
bS IF(NFLASH.EQ.21 GOTO go MAIN 117

120 IF(IFILO.FQ.2) 60 TO 6? PAIN luN
IF(IFILPM.EG.31 6O TO A8 MAIN 1;
IF(IFILM.EO.4) GO TO 69 MAIN 11
S3(.j3 FOCUS3- lIC-6AIz)*XMAG( I MAIN Ill
Go TO 17 MAIN

1pcl 67 S3 j)uFOCUS3-F2CP1X)X-AG(D P)AIN e

GO TO 17 MA IN .
hb S3(J)mVOCUS3.(F3C.PIX)*XMAG(I) MAIN 12

-GO TO 17 0'aIN 12t)
1069 S3.J::FOCUS3. (PFC.M1ADXkAGEIIM 1) AIN 1 2T
I)17 V2 i )(S3(J)- 2(.J )/(VLA 5 3-FLASM21 MAIN 12'.

V3hJ)U(S3I.)SIt4))/(LAS3-FLAS-1) MAIN i

IFZt1.0Zk2)GO TO T0 mAIt, 13t0

L3 ( J)uO MAIN 131
60TO 75 PAIN 13?~

1;70 L3(J)81 MAIN, 133
6070 to 10AIN 134

7,V~ VO VO 1 gII/.(MO2RO2.20)*~Ise3 MAIN 13S

IPl.P3**2) I MAIN 13
w1A*Pit MAIN **37

[I' XVOL(I.,J). IX13@R*2a'2R*).-SIP3*i? ?.~. MI 13-
lpi"? PMA IN 1.

)IVOLII.#J). XVOLdIoJV*.01IRO MAIN 14

XL(JASALCJ).SOPT( (PIX.P2A)bO.-(PIY-P2y)'*2i*XMAGIl PAIp. 141
f)IA hI)s01*1.) .2.*R2 MAIN 14

MI) 9 CONTINUE MA IN 1-3

IF(I.LT.NFLASH) t.TO 149 -AIN 1'-
IF(NFLASM.EQ.21 GOTO 85 MAIN .

IFILl(.O..A0 .L2.Et.E1..AN.L3(J.E'.1) 60 T( 1Q MAIN j.
IF(L1(J).E6.0.ANC.L2(.a.EQ.O.ANC.L3hj).EQ.0( GO TC '.C MAIN .

I..IF(L2fI).EI.I.ANO.L3(I).EQl.I) GO TO 95 MAIN 4

IFlLI(,J).F(J.I.ANO.L3(J.).EQ.1) GO TO 9S MAIN 41

IF(L1IJ).1jQ.1.ANhi.L2(.,).EQ.I1 GO TO QS .6% 11
IF(L2(J.E..AN0.L3.J).E0O) GO TO 10a TAIN "
IF(LI(J).EQ.0.ANt%.L3(j).EQ.0) GO T0 100 -AIN 1'

'SIFcLI(J).E4.0.AND.L2(J).EG.0) UO TO 100 -AIN 1' ]

~IFLI 3l.EG.I.AKC.L2tfl.EQ.11 GO TO 149 -AIN 5
IF(LI(J).EQO.ANO.L2ta).EQ.0) GO TO 100 PAIN

IfLI(J).EQ.O.Ok.L~fJ).EG.0) GO TO 9S -AI

90 AmASS (.1 VOL J)*.GQI/3.*R"Q MAIN 1, 7

1'O 'L li) SAL (.4/3. a~1 It,
OIA(Jl.OIAhJ)/3. L

'45 xA455(~Jj VOL (J1*. 00I*(JMO 'I
GflrO 1*4 .,I

~S130 ASSJ.O.J*01pRN 'AIN.

MAIN

I .6 CONTINUE 'A I N os-
150 CONTINUE MI ,

170 L'Ol 170 NlI.NRAWT -AIN
IFiNFLA'Sm.EQ.?).OjTO ISE A r

V 26



VELNIUVI().v(pI~vc6),3..1MAIN 170
GOTO 160 MAIN 171

175 VFLCN)ffV1(N1*.l WAIN 172
16t0 'SUML(f4)4XL(FwI.SU1L(k-1) MA IN 173SUMMAS 10) wA$ASS I h .SIJMMAS (N- 1) 0,A IN 174

ELnCENIUAL (N1/01Ai) MAIN 179)V!LUNWRsEL1IN).10. I-AIN 176
XX( I) .SOXMASS(N)0.OO1UIVELIN.01000.) **2 MAN 177

10SuMkh)wAxEIN1.SuMftEIN.1, 
WAIN 176P IN) vEL IN)*'AmaSS IN) MAZAN 179

T0TP IN)uP IN) .TOTP tN-I AIN I AA~ 10SUMOIAIN)UsUMOIjAIN.1),OIA(N) PA IN 181IFIN.EQ%1)6TO 165 MAIN Ib2
046AIP (k) SU14L(h) / fVEL Q ) -VEL (N)I MA IN I N3WO7 170 MAIN 164

165 tPEAI (L n .0 MIdaN4 p170 PPINT 171, N*VEL(h).SUML(N)s$AEAP11N) PAN 1 1"lo
I 171 FoAMAT(?3X. I?.IOA.FA.3.9X6,..a.7Xo6. 11 COAA 4.
1052 FP0 AT(IMI:20X;SPAPTICLES:4M.:VrLOCITYp,.6X;:VELOrITY2g;6A, CORMIA S

1200 172 JuI,1NPAQT MAIN 14012POINT 173, ,JV(J),V21j).V3(j) MAIN 261173 FOMOAT(23X.12,9X.F6.3,qXiF6.3,VX-F6
3  CC4RWA -4POINT 175 MI 4

17S PORMAT111N1920X..PAP'ICLE LENGTN DIA. L/() P
M
ASS T(,TAL ,J MAIN 1C.&

COkPA 1

00 176 la1,NPAP#T -A I, Ii?
176 ROWN 177. IIPLII)oIAI).ELOOI)AASS(I)SU*MASII) PAIN 1954177 FODM-AT(?3X.I2.aXF...X.F.1,2XF..XFS2S,Fx

2 ) COMMA 114PINT 603 WAIN eO a;:A 603 FPPAT(I MI.2069UPAPTICLE*.AA,*MASS*,9.9.ASS?6 .96, 'MASS3S ./.22A, COkRA 1?
ION~fPER,4v~GPA4S09XtlGROSto?~sGFAlo)O/ICC6MPA 13

GO 600 ,J.1.NPART kI 01=1 CUWPA 14

b1 02 FPP,'
6 7

23X,12.AAoF6.UNAopB.U.tX.VAA, COP~RA i~PPNT 180 P A 14 206180 F0PMAT(IMIe20X.sPA"TICLE X.E. TOTAL JET EISTANCE F.SLP CM~ MAIN 207
IARGE dASEP./9?pX~uNuM9EP*.eXI).jCULES).3.eEOJCLLE5),.

2n.,PLA!) COPPA 17,1'@.2X9'FLASH ?1.2Xe1FLAS. 319/V) COPRA J2C 0 191 Iul.wPA4RT MAIN 210181 POINT 182. I,X6RII),SUMKEII.SI),S2II).S3(I WAIN~ 211162 FOPMfATI23X. I 2
.7X.PM.0.4X.Fg.OobuXoF.0,*.Fx.pU..X.FS.o) COimPA IQTM

PINT 183 WAIN 213
lo3 no

9
mAT(1M-1.20X.*PAWTtCLE.%X.9MOkENTUMP.4P, 'TfTAL ~T 'a.N~~CCjM... eoL ~ 0lE6I.UA.S(4eG-M/9EC)s.3X.IyOMENTUIs,,) 

COPRA 21
0n 1AS Iu1.NPA'NT FAIN 2154

INS5 PPINT I8&.I,PUI)sTOTPtI) WAIN 21710' Fn0.AT (?3X.I2,QX.F6.2*?X,Fft.2) CCPQA 22
POINT 33 COppb 333 FP6MAT(1M.21X.seAOTICLEO.86,SOEVIANCE FOOP PATH-(-)',20 CoOP ~ -

1'I I11ER1 ,6X 'FLASH 1 FLASM 2 PLASM 3f./) Ccpko
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36 FOPAT(24X.2,X.Fb.3,3XFI.3.3A,FS.3) COR.6
230 400 CONT1INUE CORM q

00 192 Nu29.NPART MAIN 21Q

Stf"LtN(N) NSUMLEN N l) .XL (N) MA IN 220

I D I A 410"01 A (04;1 .) I IIA It. 211

1 (N .EQ.21 6 O IO 1I MAIN 222
?1 ELVf?0wVELN-)-vELlNl MAIN 223

GO TO 192 MA IN 224
191 OELVfNUVEL(11-%fEL(Nl MAIN 224;
LQ2 5OELV(h)aSOELVfN-1)#OfLV(N) IA I N

00 19S ,ja3.NPAPT MAIN c
P0195 SU#MOfLC(flOELV(.fl.SUMOELCJ-I) MAIN 2

AVLIBSUPLINPART)/FLOATCNwPART) IAN 224
AVL2USUMLEN (NPAAT) /FLOAT (NPANT-1) MAIN i3G
&VO)IaSUMOIA (NPAPT)/FLOAT(NPANT) MAIN 231

AVO2wXOIA CNPAPT) /FLOAT (NPA4T-I1 PAIN 232
24 AOELV~sSCELV(AiMA$T)/FLOAT(NPART-1) "AIN 233

ADFLV2USUMDEL(NPART).FLOAT(NPART-?I PAIN 234
POINT 200o AVLI.AVL2,AVUl.AVO2.AOELV1,AOELV2 PAIN. 235

200 FPMATC1M1,/////s,7XtvwITH AjT TIP 0/#0 TIP'./s?DA,'AVEAE P..mT PAIN 236
11CLE LEN4GTMS.o7X.FA.2,?XFA.2./,20A.@AVENAGE PAI4TICIE fIAMET~k.,eA, MAIN 237
2FS.2s8A*FS.2*/.2oAseAVEPAGE C14ANGE IN VELOCITY'*b).F4.2.9AeF4.2) MAIN e301
PRINT 505 MAIN Z34
NPA82 COPPA 23
NN. 1 CC~d-A 24

ICRO CO(I.A 2
?r.;CALL POLYLS (VEL,S1.NPART.AA.N4RANN.CC4PAF.ERM,5!(,,TT.I'ET. IC) COkNNA *

*RITEC6*41) CCCI) COF.NA 27
41 FORMAT(20A.9 VIRTUAL ORIGIN FOR FLASH lal.F12.6) CCRI-A t

CALL OOLYLS(VEL.S2,NPAPT.AAN4RA,pNCCNR.AF .EmS.SIl3 .TT.DET. IC) COF -A 21.
w*ITE((3*4?) CCUI) COWNMA 30

-fZ0. FeRMA&T(20X,o YIPIUAL ORIGIN FOU FLA5~m 2-',Fl2.6) COR&A 31
IF(L.LT.3) 60 TO S15 COPRA 32

CALL OOLYLSCVEL.S3.NPART.AA.NMA,NN,CCRP,MF.EkNMS,SIG,,TT.UET. IC) COwPA 33
wOITE)5,'3) CC(1) CONMA 3

'.3 FOAMAT(20X.1 VIRTUAL ORIGIN FOR FLASH 3*f,Fl2..) COW.A 3

PF15SI CONTINUE CON-PA JA
505 FOnPAT(lofl MAIN o

no 510 JN. 1,NPANT '.AIN 2&

VnL ).JN) -0. PAIN 24e
AL )JN) .0. '.AIN 1-

?0510 DTA(jN)m0. -AIN e,

500 CONTINUE MA IN 2-
STOP PAIN 2&

090 
TM
AIN 2'.7
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APPENDIX D

ALPHABETICAL LISTING OF PROGRAM VARIABLE NAMES
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ADELVI: Average change in velocity between particles.

ADELV2: Average change in velocity between particles, excluding the

jet tip.

AVDl: Average diameter of all particles.

AVD2: Average diameter of particles, excluding the jet tip.

BREAK: Break-up time.

DELVA: Change in velocity between particles.

DIA: Diameter of a particle.

ELOD: Length-to-diameter ratio of a particle.

Ll, L2, L3: Flags for flashes 1,2 and 3 used for determining the
average length, diameter and mass of a particle.

P: Momentum of a particle.

PIX, P2X, P3X: Computed x coordinates of points between P1 1 and '

p3 and P4 , and p. and p,, respectively.

PlY, P2Y, P3Y: Computed y coordinates of points between p1 and P6 $ P3
and p4, and p2 and p., respectively.

RI: Radius of the front end of a particle.

R2: Radius of the mid-section of a particle.

I?3: Radius of the back end of a particle.

SI: Computed distance from the shaped-charge liner base to the
back end of a particle for the first flash.

S2: Computed distance from the shaped-charge liner base to the
back end of a particle for the second flash.

S3: Computed distance from the shaped-charge liner base to the
back end of a particle for the third flash.

SDELV: Summation of the changes in velocities between particles,
used in the calculation of average change in velocity.
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SUMDEL: Summation of the changes in velocities between particli:;
excluding the jet tip.

SUMDIA: Summation of the diameters of all particles, used to
compute average diameter.

SUMKE: Summation of all particle kinetic energies.

SUML: Summation of the lengths of all particles.

SUMLEN: Summation of the lengths of particles excluding the jet tip.

SUMKAS: Summation of the masses of all particles.

TOTP: Summation of the momentums of all particles.

VI: Velocity computed between the first and second flashes.

V2: Velocity computed between the second and third flashes.

V3: Velocity computed between the first and third flashes.

VEL: Average velocity of VI, V2 and V3.

VOL: Summation of the volumes of a particle over all flashes.

XDIA: Summation of all particle diameters excluding the jet tip.

XHlI: Height of the truncated cone on the front end of a pairticle.

XH2: Height of the truncated cone on the back end of a particle.

XKE: Kinetic energy of a particle.

XL: Length of a particle averaged over all flashes.

XMASS: Mass of a particle averaged over all flashes.

XVOL: Mass of a particle for a particular flash.

ZX: X coordinate converted from data units/inch to millitieters.

ZY: Y coordinates converted from data units/inch to millimeters.
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APPENDIX E

OUTPUT FROM A SAMPLE RUN



ROUND NUMPER 2?03

LINER DENSITY(GM/CC)- 8o9
MAGNIFICATION FACTOR- .92000 092000 *92000'
DISTANCF FROM LINER BASE TO FOCAL POIfNT(MP)

FLASH 1- 914.4
FLASH 2- Q14*4
FLASH 3- 914.4

VkLAY TIMES (MICROSEC)
FLASH 1- 161.9
FLASH ?- 183o1
FLASH 3- ?02e9
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PAPTICLF AVG, VELOCITY TOTAL J T H A K-1

fluMI- w (MMw/Mw4CPOStC) LENGTH'Umm) 1 1C

1 7o741 30,93 or
27@544 42.000

3 77 476 S4.87 207,1
4 7,371 77,9S elp.,

7o]23 JM7.6k 4 .L
7o046 97.79 140.7

7 6,910 1070?5 1?0..,
6,8qQ 11O,1-1 131.t

9 0,863 116.90 13,r
10 6.77b 131.93 I3,e
11 h,625 144.04 1 9. 0
12 t-*614 149.51 132.7
13 6.501 163.09 131.L

14 6323 178981 1h,
15 .0291 184.00 ?6,

17 6,I 3 193,36 1?.'

9'j , 51 2l 141?;.7

21 o,,7 7? 4.7 41

?3 5o4A? ?7k.1117:.

Ph ,1610 310.01
L7 5o075 321. 11lN.
eh 4.q44 3hjI i. .'.

?44.842 3no.7-i

jo 4.67 3h o1-tal ,SF- 376a6 1l .

.33 4414 407..o7
j 4 4?1 4 A0.J

it *b4b 4")4.14
-7 3 .h7 473.40 ?

o 'Lo 4 9~4.0c?

40 3 3 3A b 3m 7,4
oI .177 ' ,T4 7 rl.I

"3aOf,4 574 3i -V'
43 I;,- F7.3 114.
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PAkTICLF VELOCITYI VELOCITY2 VELOC1TY3
NMMIEP (MMI/bICHOSEC) (MM/PiCROSaEC) (pm/wICkoSEC)

17,773 7.709 7o742
2 7.573 79S25 7o5'0
3 7.483 7.469 7,476
4 7.586 7.150 7,37f,
5 7o244 6.999 9?

b7.163 0".o9 26 7,04co
7 79048 697b
8 7.009 69786

9 E.987 60737
10 60886 6.664 b.77q
11 6.728 60%19 6#?
I? tle5s0 6.649 A.e-13

13 6.0r5% 4446$ 0!0
14 60370 6.275 6.324
is 6.325 6.256 6 4
16 6.239 6*135 6.169
17 I6.206 60119 6*IE-4
114 As 17k 6.068. 1?r
19 t6e014 5.08bb5 8i

?o50950 5 *846S 0
? 1 0 JsoQ 5.774
22 S, 69Q S.524 1

?3 553? S 9330 4-iF
Ll.36? b 't 2267
5,307 r% 0114$6 1

?7 L5o123 5902t)0#
? 4 .02%1 4 *v~-74.4

?9 5l. F?23 3ok394. r
i0 4,797 495411 4.t-77
31 4,b94 4.47', 4 .L(l1
32 4.6?1 4.37b .,)
33 4.509O 4.31744 f-
34 4.330 4*043 4; (

36 4.17r, 3e(415
37 3,9~7, 39776
31 3,787 3e461 .>

40 3,6417 3*?0b -.
4 1 3 .3 0 " 3 .o ' .6 3 . -"

4? ?,253 ? .6F86 3C

4-
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PAWTICLE LENGTH DIAo LtD MASS TOTAL JET
NUM14EP (MM) (fAM) (bRAtS) MA(CkAMS)

1 30.9 4.8 6.4 3.70 3.70
2 111 2.6 4.4 *29 3.9
3 12.9 299 4.b .41 4.40
4 23.1 2.8 8.3 .73 L.14

9,7 2.9 3.4 030 ).4

10.1 2.7 3.7 931 6.75
7 9.5 2,3 4.1 .23 L*97

8 3.6 2.0 1. .07 1.004
9 6.1 2.4 2.6 .14 F.If

10 15.0 2.6 50, ,4f-066
11 12.1 2.4 S.0 o30 (,q7
12 5.r 2.5 2.? .1r 7.1P
13 1395 2.9 4,7 o42 7.64
14 15.8 2.6 6,3 o43 7.97
15 5:1 2s2 2:3 .11 -.(7
1n 4.0 2,1 1,9 .07 F.I4

17 5,3 295 ?.1 ,13 f.p
18 1. 2.8 3.1 . e.'?

.012. 2.3 r.3 e27 .
21 17.b ?.3 7.7 .4? ..f1
?2 18 5 2.6 7.1 .) 10.1 0
23 1 .4 ?. 0 6h. 0 .44 1r
24 9,4 eb -?. b. s3 1 1r
?S lO.6 2.7 3.9 .31 11.17

P7 11.1 3.0 3.7 .3L I I

30 17.m .h 6.3 r r_

31 I.1 .9 oH .f? 1 3.F
3 e .3 2.h 7.0 .a1 14.17
i3 ]?.S 3.1 4.0 U7 ,.f
34 to.9 .H .1 .73 - 7
3, 11. ? ?,9 4.0 .39 1 71-

i h.j2 309 , 4 0t I
37 10.3 3.0 6.4 .7p ].0f

40 ?7.L 3.5 p.O 104?(
41 )t.0 3.6 4 . 73 Pf.0
&P 1 .C4 4 0 4. I i .10 1 . 4

43 o1.o 3.9 .3 I. .
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PAkTICLF MASSI MASS? kASS3
NUMSER (bl APAS) (GRPS) (kAm' )

1 3o2790 3*7919 4.01h0
2 o2431 *3146 .3044
3 .3305 o54b2 ,36444 .7037 000000 .75-P.
5 ,?5R4 o3559 ,29 03

6 o2P35 o3017 .344?
7 ,1980 .2552 .2?l
8053 110600 *0$04
9 o1137 .1287 01890

10 o4704 ,4470 525711 eI2633 .3399 o3070

12 .1232 *1771 0.0000
13 93949 ,4784 ,37Q2
14 .4385 ,4003 o4SIOis ,0947 ,00C7(j o,133

It ,0725 .0615 .074A
17 .0923 .lesi .143118 0?072 ,30nj ,23?1

.2 o944 b067 .410'
20 P320 .30b6 o673
21 oP ,4Q .462k . Q-
22 o4 70 ,4Pb4 .5437
P3 .4447 o3f'12 )
24 .3100 .31?3 .3067

.h 3n?2 o30b3 .3340
27 .153 .3907 .37 T
2 ,3499 ,3316
?9 693f 010000 -331
30 o149 .54?7
31 .3094 .lPh3
3? .7043 .35 6? 4
33 .4304 .5044 0.00%
3~4 97?79 .64 VL
36 .3''45 .360 .40
3.' 9473ts lbool.31"37 .9466 .b91d o7l-i'

46 162210 0(4140 .74;')
3.911 o4%Ol I 27
40 1 0 68Fk 1 .bl-e.3 111-7

"1 ,7484 OA7e ,7'g1j
4? 1.p?89 1.1217
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PARTICLE K.E. TOTAL JET DISTANCE F9O)r Ck6AtR VASF (M4)
NUMSER (JOULES) KEIJOULES) FLASH 1 FLAbt- ?FLk t 3

1 110Q50. 110950. 1005. 117(. 13r3o
2 8188. 119138. 980, 1140.

3 11561. 130699. 964o 11?3. 1?71.
4 19862. 150560. 930. 109]. 1c33.
5 7726. 158286. 915. l069. 1?(7.
h 7690. 165976, 902, 10,4. 11(11.
7 $5384, 171360. FFI. 0 jo~pi. 117?.
8 1552. 172Q12. 884. I03. 11t7.
9 3387. 176299. 176s 102". I1I o

10 11045. 187345. 85.Q 100'. 1137.
11 6657. 194002, A41, 9L3. 1]?.

t 12 32b, 197286b. 831, 970. 11(.
13 8821, 20610e, 8 16, 9!. 1(4 :.

14 8594. 214702. 794. qe. 10,-3.
15 2083. 216785. 78. C4?. 1(.1he
16 1331. 218117. 782. r14. 10.4b.
17 ?560. 220677. 77E6. q07. 1f ;.

19 715,4. ?3P455. 74,. 'T.*
20 4644. ?37049, 73N. It;. cTH ,

h1 6924. 2440?3. 715. Li
2? 7807. 2518306 t890
23 tS24. SF354 . 6t'#. 7k-t-.
24 4341, 26269'ie 6 Sr- 70u k- .
5 309, ?67004. b4-. 7L-7.

26 419h. ?71200. 633. 7-L -A
?7 5073. 276273. f-1. 7,-.
?m 396Y. ?e024?. f, ( &. 714. kilo.

?4 7777. 288020. FF7. 71t,. 'o.
30 6009. 29402q. F-# 6 ,-f". 7'--
31 2611. 296640. 5 7o P7. 7$.o
32 5145, 30174. 53h, 7J3.
33 4554. 30633M. 523. ']1. 7(4o
34 /A515, 312p53o 5,0 0. .

35 3?34, 3160F7, 41P. -77.
3h 3733. 3198?6 47,.h.
37 5P95, 3271f. 1?.

34 4141. 33617?. 4)Q. -7.
40 #-?87. 3644414 381 I h.
41 3709. 34k167. 366. , t.
4? 182. 3533449 34'.0 4]-o t71.
'3 49F42. 3S&Pcoi. 74 ?3 9 .c
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PAWTICLF MOMENTUM TOTAL JET
NUMSFR (KG-M/SEC) MOMENTUM

1 2.67 28.b7
ie 2.17 30.83
3 3.09 33,93
4 5.39 39.32
5 2.17 41.49
h 2.18 43.67
7 1.b 45.23
8 .45 590
9 .99 46.6b

10 3.26 49.92
11 2.01 51.93
12 .99 52.92
13 2.71 55.64
14 2.7? 58.3b
15 06 5900
lb .o43 S9.45
17 .3 60.28
18 1.51 61.7v
19 ?.40 6.eO
20 l.57 6b.77
l 2.40 66,17

2? ?.7H 70.9
23 Po407-4*3I
24 1.64 74.4c
25 1.64 7(.h
?b 1.6? he
27 .00.

2& 1.61 ml.mb
o 3*21 $S.0 2

30 P.57 M76,
31 1.140o74

33 ?.0 93.13

34 3.0Q 3
35 1.5P Q7.41
36 1.8'9,04
37 3.04 12.69
3b 3.4 106.17
39 2.33 lO13 0
40 4,Q7 113.4-
41 ?.33 111.01
4, 3.3A 1]1.14
43 3.50
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WITH JET TIP W/O TIk
AVERAGE PARTICLE LENGTH~mm) 13.85 13.44
AVERAGE PARTICLE DIAMIETER (m) 2.84 2o7c;
AVERAGE CHANGE IN VELOCITYjj/lisec)*1Z .1?
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VIRTUAL cOhIGIN FOk FLASH Ix~ 1J4,6M
VIkTUAL OImIbIN FOR FLASH ?= -MU.1'1374s MM
VIRTUAL ORIGIN FOR FLASH 3x -6b.b~crf4 MM
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